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ABSTRACT 
THE EFFECTS OF FEEDING A HIGH LEVEL OF RUMEN PROTECTED FAT 
WITH RUMEN UNDEGRADABLE PROTEIN WITH OR WITHOUT NIACIN 
ON RUMEN FERMENTATION CHARACTERISTICS, APPARENT 
NUTRIENT DIGESTIBILITY, AND MILK PRODUCTION 
IN THE EARLY TO MID LACTATION HOLSTEIN COW 
by 
Carlos Eduardo Batallas, Master of Science 
Utah State University, 1992 
Major Professor: Dr. Ronald L. Boman 
Department: Animal, Dairy and Veterinary Sciences 
Forty high producing early to mid lactation Holstein 
cows were blocked according to stage of lactation and 
previous two-week milk yield (experiment 1) . Eight 
ruminally and duodenally cannulated nonlactating Holstein 
cows were used for experiment 2. The objective was to 
determine the effects of the ration's high fat content 
(11.53%) when rumen degradable or rumen undegradable protein 
is fed with or without added niacin. Cows received one of 
five treatments: 1) basal ration (TMR); 2) basal ration with 
added rumen undegradable fat (RUF ) (1.6 kg); soybean meal 
(SBM) (1.73 kg), and niacin (12 g); 3) same as treatment 2, 
without niacin; 4) same as treatment 2 but replacing the 
viii 
s oybean meal with undegradable protein (UIP) (1.9 kg ) ; and 
5) same as treatment 4, without niacin. Rations and water 
were offered ad-libitum for 10 weeks. Intake for experiment 
2 was limited to 18 kg TMR, 0 .7 6 kg RUF, 0 .88 kg SBM or UIP, 
and 6 g niacin. All cows in experiment 2 received the five 
treatments by the end of five collection periods separated 
by 21 d adaption. RUF increased dry matter intake (22.95 
vs. 23 . 72 kg/d ) and mean body weight (607 vs. 637 kg ) , but 
decreased milk protein, lactose and SNF (proportion and 
yield); and 4% FCM without affecting daily milk yield. RUF, 
SBM, and N did not affect milk production. Milk protein 
percentage, protein yield, lactose percentage, SNF 
percentage, and yield were decreased by UIP supplementation. 
Niacin had a negative effect on milk fat percentage and 
yield, and milk protein percentage when fed with RUF and 
UIP . Supplements did not affect milk protein components. 
RUF increased plasma glucose (56.8 vs. 63.5). RUF addition 
increased AD and ND digestibility whi le decreased fatty acid 
digestibility. UIP improved ND digestibility in the 
lactation trial. For experiment 2, UIP increased rumen 
propionate percentage, thus reducing acetate to propionate 
ratio. Niacin increased total VFA production (128.6 vs. 
114.3 umol/ml) . RUF, UIP, and niacin increased total 
bacterial population. RUF reduced cellulolytic bacteria in 
rumen fluid. Nutrient rate of passage and digestibility 
ix 
were unaffected by treatments except for dry matter and RUF 
digestibility that were reduced by RUF supplementation. 
(116 pages ) 
INTRODUCTION 
Dairymen and researchers realize that today's high-
producing dairy cow nutritional requirements are difficult 
to maintain during early lactation when dry matter intake is 
limited. A high quality ration is necessary to maintain cow 
production performance and health. Rations formulated to 
fulfill those requirements must hold a delicate balance of 
high energy, protein, and other nutrients that may be 
inadequately provided by microbial synthesis. A potentially 




insure proper rumen 
milk production and 
fermentation, cellulose 
composition, and animal 
Various studies document the use of supplemental 
dietary fats to increase the ration's energetic density. 
They are used to replace a fraction of the grain, thus 
improving the roughage to concentrate ratio ( 129) . The 
result usually involves increased fat percent and milk 
production during early to mid lactation as long as the 
amount of fat does not exceed 5% of the ration dry matter. 
Amounts of rumen-available fat above that limit have been 
shown to be detrimental to rumen fermentation and cellulo-
lytic bacteria, the main acetate producers (35) . Dimin-
ished acetic acid levels available to rumen wall absorption 
result in reduced acetate plasma levels reaching the 
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mammary gland where a large fraction of milk fat must be 
synthesized from acetate; therefore, reduced milk fat 
production is observed. Rumen protected fats are recom-
mended since their rumen unavailability reduces their 
detrimental effects on rumen bacteria, and are more 
efficient in delivery of fatty acids postruminally. Improved 
fatty acid supply for duodenal absorption increases plasma 
fatty acid uptake and transport to the mammary gland. Here 
long-chain fatty acids are directly transferred to the milk 
fat fraction. By replacing fatty acids that otherwise would 
be synthesized at the expense of glucose, rumen protected 
fats have a sparing effect on plasma glucose, improving its 
availability for other metabolic mechanisms. Rumen 
undegradable fat amounts to be supplemented must be 
restricted to prevent the milk protein depression observed 
in some studies, particularly now that milk processing 
plants have begun to stress milk protein content as a base 
for their pricing procedures (174). 
Attempting to maintain mi lk protein concentration and 
high milk production, researchers have studied the amount of 
amino acids provided by microbial protein. Confirmation 
that microbial synthesis may not produce enough amino acids 
to maintain high production levels has motivated researchers 
to study the benefits of feeding undegradable intake protein 
(UIP ) . Studies show that postruminal amino acid delivery 
can be improved by UIP supplementation (146). Scientific 
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acceptance of this practice becomes evident in the 
Nutritional Requirements of Dairy Cattle publication by the 
National Research Council (NRC ) where UIP usage 
recommendations are already present (around 30% of the 
protein to be fed as UIP) (117). 
In addition, other nutrients may have a positive effect 
on milk protein levels. Researchers have evaluated the 
effects of niacin supplementation, formerly expected to be 
sufficiently provided by microbial synthesis. Data from 
different studies indicate that niacin feeding may have 
beneficial effects improving performance, body weight gain, 
nitrogen retention, feed efficiency, and milk production. 
Furthermore, these results suggest that microbial synthesis 
does not produce sufficient niacin for animals stressed by 
high temperatures, high production, or other conditions. In 
different studies, niacin showed to be helpful to prevent or 
alleviate early lactation ketosis, and milk protein 
depression caused by high fat feeding. Niacin may play an 
important role in energy metabolism, which in turn may be 
the prime factor to sustain milk protein percent and milk 
production. 
OBJECTIVES 
1. To determine the effects of a high fat ration 
with or without rumen undegradable intake protein 
with or without niacin on rumen fermentation 
characteristics, milk production, and nutrient 
digestibility. 
2. To determine the effects of niacin supplementa-





Current proficient milk production practices require 
adequate energy delivery to the cow metabolic processes. To 
achieve efficient energy transfer to milk, fatty acids have 
been chosen as suitable nutritional supplements due to their 
high energy concentration. A lactating dairy cow can 
metabolize up to 32% of its metabolizable energy intake in 
the form of fatty acids (7 ) . Due to their high energy 
density, they are utilized to replace a fraction of the 
grain allowing room to improve the ration's forage to 
concentrate ratio. 
Different types of lipids are available for consumption 
by dairy cattle. They can be derived from the forage's 
lipid fraction, grain concentrates, oilseeds, and vegetable 
and animal lipid byproducts from frying and rendering 
industries. Industrially processed fat supplements designed 
to improve handling, storage, and rumen fermentation 
properties are available . 
Fat Supplements 
Forages are standard ration ingredients that may 
contain up to 4% ether extract where only 50% may be actual 
fatty acids (129). The remainder is comprised of: 1) 
undigestible cuticular waxes; 2) chlorophyll (a pigment); 3 ) 
steroids, which are considered energetically useless (121); 
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and, 4 ) nonsaponifiable material such as galactose and 
glycerol which are fermented in the rumen after hydrolysis. 
Galactolipide make up 70 to 80% of the crude fat in alfalfa 
and corn plants (67 ) , with the remaining portion comprised 
o f triacylglycerol (triglyceride). Triglyceride importance 
becomes evident when phosphate moiety such as 
phosphoryl choline replaces one of its fatty acids, thus 
resulting in a phospholipid molecule, an essential part of 
all living membranes. 
Grain ether extract is energetically superior in 
quality to forage ether extract because it contains about 
80% fatty acids with only 20% remaining as non-fatty acid 
components (67) . Polyunsaturated fatty acids are more 
commonly expected in plant synthesized lipids and are the 
main components of vegetable oils. 
Even though they are also grains, oilseeds are often 
classified separately when referring to ruminant nutrition. 
Oilseeds contain up to 20% ether extract and can be used in 
different ways when fed to improve the energy density of 
dairy rations. The oilseed's lipid fraction rumen degrada-
bility can be modified by processing and feeding management 
to benefit nutritional practices. Soybeans, cottonseed, 
sunflower, safflower, and canola seeds are the most 
investigated oilseeds currently available. Each one 
contains its own unique fatty acid composition, such as 
canola seeds. Canola seeds contain higher proportions of 
7 
very long chain polyunsaturated fatty acids rarely present 
in other vegetable oils in significant quantities. Polyun-
saturated fatty acids behave singularly during rumen 
fermentation, gastrointestinal digestion, and milk fat 
synthesis; special considerations must be made when used in 
lactating dairy cattle rations. Whole cottonseeds release 
fatty acids slowly into the rumen (77). Slow release allows 
linoleic acid (18:2) (about 50~ of cottonseed fatty acids) 
to be either partially or completely biohydrogenated in the 
rumen, or to bypass rumen fermentation without affecting 
microbial fermentation. Cottonseed is also a significant 
source of fiber proven to be important in maintaining fat 
and milk production (112). Whole raw soybeans have been 
reported to increase milk production in some studies (127, 
133); however, other trials (81) reported a milk fat 
concentration depression when they were fed with low forage 
rations, and no change when forage intake was moderate. Raw 
and toasted soybeans have shown to generate similar 
production and digestibility responses (137). Raw soybeans 
were less palatable, and feeding them in large ration 
proportions led to a milk protein concentration and protein 
digestibility decrease, probably due to their trypsin 
inhibitory properties (127) . These problems can be avoided 
by feeding raw soybeans at less than 10% of the total ration 
DM. Other less uniform and more difficult to handle fat 
supplements are byproducts from frying and rendering 
industries. 
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Different mixtures of vegetable oils, lard, 
pou l try, and animal fat (tallow) are available depending on 
the geographic area. Several investigative trials have 
explored their properties, advantages and disadvantages in 
ruminant rations . The final fatty acid composition of the 
fat mixtures and their rumen availability have been the 
ruling factor determining their performance. Palmitic 
(16 : 0 ) , oleic (18:1 ) , and stearic acid (18:0) come from 
animal fat. They are the main components of ruminant 
adipose tissue and can be synthesized and catabolized by 
metabolic processes to provide fatty acids for milk fat 
production during early lactation and body energy storage. 
Stearate is unique to animal fat and is solid or hard at 
rumen temperature. Fatty acids with more than one unsatu-
rated bond come from vegetable oils . 
Some research has dealt with feeding fish lipids in 
ruminant rations to modify milk fat composition. Probably, 
the most important properties of fish oil rely on their 
fatty acid profile because it contains very long polyunsat-
urated fatty acids not present in common forages or grains 
used to nurture dairy cattle. Some of these fatty acids, 
mainly the omega-3 type, have been associated with benefi-
cial effects on cholesterol, heart disease, thrombosis, 
child brain development, etc., for human nutrition (69). 
Very long chain polyunsaturated fatty acids were success-
fully transferred to the milk fat. 
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The latest and currently most flourishing group of 
lipid supplements in the market are the "rumen protected 
fats." Their main characteristic is rumen undegradability, 
proven to be beneficial to rumen fermentation by sparing 
cellulolytic bacteria function and fiber digestion. Calcium 
salts of fatty acids, prilled fats, and polymer encapsulated 
lipids are the principal available products . Calcium salts 
are rumen protected by the pH sensitive bond formed between 
the metal cation, calcium, and the fatty acid. The bond is 
stable at normal rumen pH (6.5). However, about 50% of the 
unsaturated fatty acids are biohydrogenated and saturated 
in the rumen . Polymer encapsulated lipids come in a small 
pellet shape surrounded by a pH sensitive polymeric capsula 
which becomes unstable below pH 5. 5. They can successfully 
deliver fatty acids postruminally and their nutritional 
performance depends on their rumen biohydrogenation, fatty 
acid profile, and palatability. Rumen protected lipid 
supplements contain a wide fatty acid variety. This should 
be considered when milk fat composition is of importance. 
Fat Supplements in the Rumen 
Many different strictly anaerobic and some facultative 
aerobic microorganisms along with protozoa which make up the 
rumen ecosystem cannot utilize fat as an energy source (67). 
Fatty acids in conventional diets are mostly esterified and 
usually rapidly hydrolyzed by rumen lipolytic bacteria ( 72) . 
They can be taken up by microbes and protozoa (51), 
especially those adhered to 




(12' 98) . 
by rumen 
microbes. They saturate 60 to 90% of the unsaturated bonds 
forming fully saturated or monounsaturated fatty acids with 
trans configuration (106). Trans fatty acids can inhibit 
milk fat synthesis in the mammary gland. Studies where cows 
were fed fat supplemented rations showed that rumen microbes 
can also synthesize 100 to 200 g fatty acids per day (36, 
164), but lipids directly incorporated from the diet usually 
exceed de novo synthesis (38). Amount of fatty acid 
synthesis in the rumen depends on quality and quantity of 
fatty acids provided by the diet. Significant synthesis has 
been observed in high or low hay diets (165), whereas 
supplemented cod liver oil inhibited lipid bacterial 
synthesis ( 163) . Fat supplementation in the form of 
o ilseeds or dietary fat inhibits de novo fatty acid 
synthesis by bacteria (38) after they have taken up readily 
available lipids from the rumen environment (52). 
Reduced amounts of lipolytic and biohydrogenating 
bacteria result from high grain-low roughage diets; 
therefore, the amount of unsaturated fatty acids bypassing 
the rumen increases (96) . Unsaturated fatty acids are more 
toxic to rumen bacteria than saturated ( 62, 76 ) . The higher 
the degree of unsaturation, the more inhibitory the effect 
of the lipid on microbial growth and rumen fiber 
fermentation ( 85 ) . 
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Intake reduction is a typical sign of 
decreased fermentation. 
Four possible ways by which fatty acids inhibit 
bacterial growth have been hypothesized: 1 ) by physical 
coating of fiber particles thus preventing microbial 
digestion; therefore, reducing nutrient substrate for growth 
and reproduction; 2 ) by reducing fiber digesting rumen 
bacteria populations; 3) by inhibiting microbial activity 
due to the surface active effects of fatty acids on cell 
membranes; and, 4 ) by reducing cation availability due to 
the formation of insoluble soaps with long chain fatty 
acids. The last effect could be indirectly affecting rumen 
pH by reducing available cations in the rumen (41) . Although 
rumen pH may reduce fiber digestibility, evidence for added 
fatty acids decreasing pH or cation availability is lacking 
(15) . Bacterial fatty acid uptake is decreased by increased 
pH in buffered systems (62, 63). This may occur because 
increasing pH increases ionization, hydro-philicity and, 
solubility. Bacterial uptake of fatty acids is increased 
by increasing hydrophobicity (14) . 
Independent studies show that free fatty acids inhibit 
rumen bacteria in pure culture (76) and bind to microbial 
cells (107, 119). Dietary fiber additions reduced binding 
(68) and inhibition in pure cultures. Bacterial numbers may 
increase when fat is fed, usually with a protozoal 
population decrease (35). Protozoa seem to be more easily 
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depleted by fatty acids, allowing bacteria to move into the 
empty ecological niche. Adding metal cations, main l y 
calcium (52 ) , and other alkaline earth metals (Ba, Mg, etc. ) 
appears to help remove fatty acids from microbial cell 
surface thus effectively reversing fatty acid bactericidal 
effects (62, 63). However, organic matter digestibility of 
extracted malt distillers grains with added fatty acids was 
improved only with Ca (46). 
Successive increases of tal l ow decreased fiber 
digestibility and rumen ammonia (NH3 ) concentrations, 
suggesting that fiber digestibility was mediated by low NH3 
(89). In other studies, fiber digestibility was not 
depressed by feeding fat in the diet; overall, fiber 
digestibility was low but no significant depression was 
observed (128). 
Fatty acids favor propionic acid production at the 
expense of acetic acid and this may reduce milk fat 
production (50). Increased amounts of plasma fatty acids 
reaching the mammary gland may alleviate the reduction. In 
contrast, fats can be beneficial to rumen fermentation 
because some bacteria require certain dietary fatty acids 
for growth (12). Also, fats seem to diminish protein 
digestibility in the rumen thus improving the amount of 
dietary amino acids reaching postruminal absorption . 
Since rumen microbes do not store triglycerides, the 
predominant cellular fatty acids are membrane phospholipids 
and unesterified f at t y acids (171). 
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Exogenous lipid 
incorporation could spare ATP , which is required fo r de n o v o 
fatty acid synthesis. The spared ATP would be available 
s ubstrate to favor microbial growth and metabol ism. 
Fat Supplements in the Intestine 
The amount of fat entering the small intes tine is 
var iable and directly dependent on t he ration components 
consumed. When low fat diets are fed, the amoun t o f lipid 
reaching the l ower gut exceeds dietary supply a s a result of 
microbial synthesis and biliary secretions (114 ) . Fatty 
acids derived from either microbial or dietary sources reach 
the intestine 70 to 80% unesterified forming insoluble 
complexes with particulate matter (70, 151 ) . They must pass 
through an acid environment (pH 2-3) in the abomasum and the 
first half o f the small intestine where they may become 
protonated, transferred to solid phase surface, and then 
rendered a ccessible for solubilization (151, 154 ). 
Decreased pH is mediated by low bicarbonate activity and 
pancreatic secretions . Approxi mately in the mid to upper 
jejunum (2 . 5 m behind the bile duct in sheep ) , pH still 
remains below 5.0 (99) . Although this low pH decreases 
solubility of fatty and bile acids, it favors mineral salts 
of fatty acid digestion (6 0, 175) either fed or formed in 
the rumen . Chemical detachment allows higher absorption of 
both fatty acid and calcium than would be possible at 
neutral or alkaline pH. Rumen encapsulated fat supplements 
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become available for digestion after mild or strong 
acidification (178) . 
Free fatty acids, microbial and bile acid, and 
lysolecithin phospholipid mix with bile salts and pancreatic 
juices promoting the formation of a colloidal solution of 
micel les. Bile lipids are 90% phospholipid and the residue 
is cholesterol, triglycerides, and fatty acids; usually bile 
acid concentrat i on is twice as much as that of lipids (29 ) . 
Bile acids are definitely required for fatty acid intestinal 
absorption in ruminants (74 , 75). Their detergent action 
disperses micelles in 
lipolysis and mucosa 
the intestinal lumen facilitating 
absorption (104, 154). Taurine 
conjugates predominate in ruminant bile acids. They work at 
both acid and alkaline pH's (12 1, 126). Pancreatic lipase 
is most active at pH 7 -8 and requires the presence of 
phospholipid for lipolysis. Duodenal fluid in ruminants 
remains at low pH until it reaches the jejunum thus 
partially delaying fatty acid absorption; however fatty acid 
absorption takes place before reaching the ileum (121 ). 
Pancreatic triglyceride lipase is less active in ruminants 
than in nonruminants but phospholipase is secreted in excess 
to alter phospholipid into lysophospholipids which join bile 
acids and fatty acids to reform micelles and facilitate 
lipase action . Fatty acid digestibility varies between 83 
and 92% (156) in ruminant rations with standard amounts of 
fat (less than 2% of the dry matter added dietary fat) 
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(118 ) . The extent to wh ich fatty acids are digested depends 
on their physical and chemical structure , intestinal 
dispersability, and amount. Stearic acid u sually 
const i tutes the highest fatty acid proportion present in the 
intestinal lumen due t o rumen hydrogenation. Palmitic and 
monounsaturated acids may be somewhat more digestible than 
stearate. Flakes of stearic and palmitic acid showed to be 
only 47% digestible (8 5) due to lower ruminal and intestinal 
solubilization. Tallow digestibility is lower do to its 
h igh melting point (108 ). Excessive amounts of fatty a cids 
reaching the small intestine can reduce their digestibility 
as seen in trials where increasing fat amounts were tested. 
A ration containing 5.1% crude fat resul ted in 81% fat 
digestibility which decreased to 56% when dietary crude fat 
percent increased to 10.7% (128). Supplemental fatty acids 
decrease calcium absorption by 25 to 40% and magnesium about 
15% ( 156 ) . However, extra calcium and magnesium 
supplementation increased fatty acid absorption in mice and 
ruminants (17 ). 
Postabsorptive Fat Metabolism 
Fatty acids in the form of triglycerides and 
phospholipids are packed into apoproteins to be transferred 
from the intestinal lumen into the intracellular space of 
mucosa cells. Here cholesterol synthesis takes place (114 ). 
Lipoproteins, then, are secreted into the lymph (157, 167), 
which flows to the blood carrying a proportionally balanced 
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lipid load (121) . This insures dietary fat distribution to 
all tissues proportionally controlled by blood flow (100 ) . 
Fat absorbed into the portal vein is directed to the liver 
where triglyceride uptake is limited by the absence of the 
appropriate enzymes; however, excessive fatty acid 
circulation tends to accumulate in the liver causing 
problems (64). 
Amount of dietary fat inf l uences lymph and blood lipid 
composition values (68). Measured esterified fatty acid 
lymph flow is 200 to 400 g/day . Dietary supplementation of 
480 g safflower oil caused a significant increase of lymph 
flow rate and total lipid transport (71) . Heavy by-pass fat 
supplementation increased total lipid concentration in 
plasma (179 ) to a degree where a visible chylomicron layer 
developed. 
Lipoproteins release lipids in contact with lipoprotein 
lipase (48 , 114 ) in the target tissue's capillary 
endothelium. Some of the fatty acids are transferred into 
the tissue cell by mass action and other escape absorption 
moving on to other tissues or the liver. Lipolytic activity 
by lipoprotein lipase is sensitive to energy balance and 
hormones. Adipose lipoprotein lipase is stimulated by 
insulin (48, 109, 170), while mammary lipoprotein lipase is 
sensitive to prolactin (50, 166). Both reactions are 
important in directing triglycerides to either body storage 
(adipose tissue) or the mammary gland after calving. Target 
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tissue depend on the cow ' s energy balance. Adipose tissue 
i s t he main fatty acid synthes i s site besides the mammary 
gland (169 ) during positive energy balance. At this time 
insulin encourages fat accumulation. During the dry period 
progesterone levels inhibit fat mobilization. Immediately 
after parturition, prolactin, growth hormone activity, and 
negative energy balance promote fatty acid transfer to the 
plasma and, in turn, the mammary gland. During negative 
energy balance in early to mid lactation, adipose tissue 
glycerides are hydrolyzed, reorganized, and released. Fatty 
acid release overcomes replenishing with the successive body 
mass loss (45, 48 ) . Studies (16, 49) report mobilization of 
30 t o 50 kg of fat in the first few weeks of lactation to 
supply enough energy. This supports a milk production 
increase of 5 to 6 kg/d for 60 to 90 days. 
Mammary gland plasma triglyceride uptake increased 
linearly when plasma triglyceride concentrations were 30 to 
50% above normal levels (10 to 30 mg/dl) . Uptake decreased 
above those levels (5) . Thirty to 76% of plasma triglycer-
ide transfer to milk. 
Mammary Gland Fat Metabolism 
Milk fat composition varies according to stage in 
lactation, lactation period, dietary, and environmental 
changes. In general, milk fat is composed of 97 to 98% 
triglycerols (95) , with as many as 437 different fatty acids 
being isolated (86). The remaining 2 to 3% are 
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phospholipids, sphingolipids, sterols , fat soluble vitamins, 
and other minor constituents (9 5). It has been estimated 
that about 50% of milk fatty acids are synthes ized in the 
mammary gland from acetate a nd B-hydroxybutyrate , 4 0 to 45% 
are derived from t he diet, while the remaining amounts are 
derived from adipose tissue (130 ). 
Fatty acids synthesized by t he mammary gland are 
subject to limited variability. These include 1 6 or less 
carbon chain fatty acids. On the othe r hand, blood fatty 
ac ids that contribute to the milk fat pool are more 
sensitive to dietary and environmental conditions . 
Triacylglycerols and the other milk fat constituents must be 
assembled from the blood fatty acid pool arising from either 
de n ovo synthesis or circulating lipids. 
Components in blood that contribute to milk fat are 
glucose, triglycerides of chylomicron and very low density 
lipoproteins (VLDL ), free fatty acids, acetate, and B-
hydroxybutyrate (BHB ) . Among the free fatty acids, palmitic 
( 16 :0), stearic ( 18 :0), and oleic (18:1 ) are the most 
available to the mammary gland under normal physiological 
conditions (73 ) . Lipids may come directly from feed, 
synthesis of ruminal bacteria , or metabolic products from 
the cow. Grass fatty acids are mostly long chain and 
polyunsaturated (93), but are biohydrogenated or fermented 
by rumen bacteria . In the liver, long chain fatty acids are 
oxidized to BHB (93). Adipose tissue mobilization provides 
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triglycerides to blood plasma ( 73 ) . Ruminal ephithelial 
cells partially oxidize butyrate to BHB. From the non-lip i d 
ration portion, rumen bacteria ferment dietary carbohydrate 
to volatile fatty acids: acetate, propionate, butyrate, 
valerate, isobutyrate, isovalerate, and methylbutyrate (93 ) . 
Very low density lipoproteins (VLDL) and low density 
lipoproteins (LDL ) are hydrolyzed by blood capillary 
endothelial cells, which have a lipoprotein lipase bound to 
their luminal surface (11 ). The mammary gland then takes up 
glycerol, monoglycerides, and free fatty acids by lateral 
diffusion through the capillary wall into the alveolar cell 
(120 ) . Mammary gland cells preferentially assimilate 
stearate containing 
triglyceride fraction. 
triglycerides from the plasma 
The VLDL and LDL contain higher 
proportions of stearate than linoleate in comparison to the 
high density lipoproteins (HDL) . High density lipoprotein 
triglycerides are taken up by the mammary gland ( 73 ) . 
Mammary gland cells are capable of desaturating many fatty 
acids that have become saturated in the rumen. Primarily, 
stearic acid is converted to oleic acid by action of the 
acyl desaturase enzyme located in the microsomes (13). 
Unlike nonrumi nants, ruminants do not utilize glucose 
as a carbon source in fatty acid synthesis. The glucose 
pool for the cow's metabolic proces ses is limited because 
the ingested carbohydrates are fermented to volatile fatty 
acids in the rumen. Glucose produced in the liver and 
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kidneys by gluconeogenesis is used for l actose synthesis, 
NADPH generation and glyceride-glycerol formation in the 
mammary gland. Hence, glucose is diverted to cellular 
processes where it is an essential precursor (13). 
Alterations in the rumen, hence plasma, acetate:pro-
pionate ratio induce a glucogenic response of adipose tissue 
(123 ) that competes with the mammary gland for acetate, and 
increases uptake of dietary long chain fatty acids thus 
causing the "low milk fat syndrome" (3 7). 
The main carbon sources for fatty acid synthesis are 
acetate and BHB (95). The initial four carbons at the 
methyl end of each synthesized fatty acid are provided 
equally by BHB and acetate once these two volatile fatty 
acids have been converted to CoA derivate. In the case of 
acetate, it is incorporated as acetyl CoA via the malonyl 
CoA pathway (161). B-hydroxybutyrate is predominantly used 
as the primer unit. In lipogenesis, BHB is cleaved to a 2 
carbon molecule by B-hydroxybutyrate dehydrogenase, an 
enzyme exclusively found in the mitochondria; then it is 
converted to acetyl CoA. In the same mitochondria, acetyl 
CoA is metabolized via the tricarboxylic acid cycle to 
citrate, isocitrate, ~-ketoglutarate, and other compounds. 
Because the mitochondrial membrane is permeable to citrate, 
isocitrate and ~-ketoglutarate, these compounds are used in 
the cytol to generate NADPH via the NADP-isocitrate 
dehydrogenase system. This system is highly active in 
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ruminants. Another source of reducing equivalents is the 
pento sephosphate cycle (161). In fatty acid synthesis, the 
forma t ion of malonyl CoA is the committing step. Because 
fatty acid synthesis requires bicarbonate, in this step it 
was possible to elucidate fatty acid synthesis. Insulin and 
prolactin are acetyl CoA carboxylase activators. Insulin is 
a short term while prolactin is a long term activator (73 ) . 
Once acetyl-CoA, malonyl CoA, and NADPH are available in the 
mammary cytoplasm, the fatty acid synthetase system 
catalyzes the synthesis of C4 to C16 fatty acids (161). The 
precise mechanism by which the chain length is regulated is 
unknown. 
Triacylglycerols biosynthesis in the mammary gland 
appears to be mainly through the glycerol-3-phosphate (G-3-
P ) pathway (13). The fatty acids to be esterified to the 
glycerol unit must be in CoA-esters. Synthesized short and 
medium chain fatty acids are released as such; however long 
chain fatty acids (C16-C18) are in the free fatty acid form. 
Long chain fatty acids of milk originate from lipoprotein 
triglyceride (65%-) and nonesterified fatty acids (NEFA) 
(35%-). No net uptake of NEFA by mammary gland is observed 
(3). Acyl CoA-synthetase esterifies free fatty acids to 
acyl-CoA (73). Palmquist and Mathes (130) concluded that 
endogenous sources contributed only 10-12%- of the long chain 
fatty acids in mi~k fat while the rest came directly from 
the diet. About 50 to 60%- of the G-3-P is generated through 
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the hexose monophosphate pathway in the mammary gland. 
Another source of G-3-P could be the blood chylomicra and 
LDL after phos phorylat ion by lipoprotein lipase and 
abs orpt ion by the endothelial cells. In glucose metabolism, 
dihydroxyacetone phosphate (DHAP) i s generated. It serves 
a DHAP source (73 ) . 
Other milk lipids include glycerol , phospholipids, 
sphingolipids, and cholesterol. Most of these a r e 
a ssociated with the milk fat globular membrane (93 ) . The 
phospholipid and sphingo lipid pool appears to arise from de 
novo synthesis in the mammary gland (73 ). Cholesterol seems 
to be partially synthesized de novo with a fraction coming 
direct ly from blood serum (13). 
Starry and coworkers (160 ) have reported the effects o f 
fish oi ls on both rumen fermentation and mammary gland lipid 
uptake. They observed that mammary uptake o f long chain 
fatty acids was reduced by the uptake o f 20-22 C 
polyunsaturates and further observed an effect of these 
fatty acids on lipoprotein lipase activity in v itro (2 1 ) . 
Additional studies ( 158) reported that increased plasma 
fatty acid uptake by the mammary gland reduced de novo 
synthesis of short chain fatty acids. Increased amounts of 
l ong chain acyl-CoA in the mammary gland may inhibit acetyl-
CoA carboxylase by a feedback mechanism effectively reducing 
potential milk fat production. The fact that butyrate 
concentrations increase during milk depression ( 155) support 
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this theory because its synthesis is malonyl CoA formation 
independent (101). 
Fat Supplementation Effects on Milk 
Produc tion and Composi tion 
In the past, nutritionists assumed that ruminant diets 
provided enough lipids to maintain product ion. Banks et al. 
(8) showed that a low fat diet of 81 g/d limited milk 
production. Subsequent studies by (8 , 14 ) and other 
researchers have consistently s howed that incre asing dietary 
fat can elevate milk production and modify milk fat 
composition; however, the type of lipids must be considered 
( 8' 38) . Clapperton and Steele (30) and Palmquist and 
Jenkins ( 129 ) revi e wed data from different fat feeding 
trials indicating that supplemental fat improves production 
within the first t ·welve weeks of lactation, and to a lesser 
extent during midlactation. The beneficial effects o f 
feeding fat are more evident with high producing early 
lactation cows (more than 36 . 5 kg/d). Cows in this trial 
(56) received supplement to increase their ration's crude 
fat from 3.5 to 5.8% inducing a 3.2 kg milk increase during 
the first 60 d in lactation and 1.4 kg for the next 60 d. 
Supplemental fat increases energy intake in early 
lactation cows at a time when dry matter intake is depressed 
and production is high. The result appears t o be a systemic 
energy balance improvement that: alleviates hot temperature 
discomfort (113), lowers blood ketones concentration, spares 
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glucose utilization b y transferring fat directly to milk fat 
(159) , and reduces weight los e during the first seven weeks 
in lactation. 
On the other hand, increased dietary long chain fatty 
acids (from 18 to 20 C chain) inhibit short chain fatty acid 
de novo synthesis in the mammary gland by reducing 
lipoprotein lipase activity (47 ) . A homeostat ic mechanism 
to maintain milk fluidity seems to take place because the 
proportion of cis .oleate (18:1 ) increases remarkably (9). 
Although researchers (15 , 132) have not found signifi-
cant effects of very long chain polyunsaturated fish oil 
fatty acids (VLCPUFA) (above 20 C chain) on rumen fermenta-
tion, they have observed reduced milk fat levels due to 
altered mammary gland metabolism and plasma fatty acid 
profi le . Starry et al. (160) reported fish oil's effects on 
both rumen fermentation and mammary lipid uptake. Mammary 
gland uptake o f long chain fatty acids was reduced by the 
uptake of 20-22 C polyunsaturates, and lipoprotein lipase 
activity in vitro was inhibited (2 1 ). 
Rumen protected fat supplements modify milk fat 
composition (124) by greatly i ncreasing VLDL triglycerides 
in plasma, which in turn, increase long chain fatty acid 
transport to milk fat (179). The increased proportion of 
long chain fatty acids in milk is underestimated by infrared 
analysis techniques because the instruments are calibrated 
to calculate readings based on ester bond quantities (43). 
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Milk fat mass per bond is higher with long chain fatty 
acids. Franke et al. (59 ) recommend adequat e calibrations 
to obtain true milk fat estimations when high amounts o f 
rumen protected fat are fed. 
Several studies have reported a milk protein depress ion 
in high fat diets (9 , 44 ) , especially when most of the fat 
is present in the protected form. Rations high in rumen 
protected fat reduced plasma insulin concentration by 25% 
(103). Insulin is necessary for tissue glucose uptake and 
appears to be involved in amino acid incorporation into milk 
protein , but the mammary gland does not require insulin for 
glucose uptake (103, 147). 
insulin to mediate casein 
incorporation into milk 
Palmquist and Moser (131) 
Mammary gland cells require 
synthesis (13 1) by amino a c id 
protein by mRNA activation. 
suggest that high plasma fatty 
acids impair amino acid transport to the mammary gland and 
protein synthesis by inducing insulin resistance. Insulin 
resistance is the inability of insulin to stimulate tissue 
glucose utilization (82). This theory is supported by the 
fact that high fat feeding mainly affects the casein 
fraction of milk protein (4 4 ). Normal milk protein contains 
77 to 81% casein of the total milk nitrogen. Even though 
researchers have reported a decline of milk protein 
concentration in cows fed high fat rations (9, 44), total 
casein production may be the same or higher depending on the 
total milk yield and is usually improved by moderate fat 
26 
supplementation (40 ) . Rations high in rumen protected fat 
have been reported to shorten the lactat ion period (155), 
but the mechanism that produced this result has not been 
explained yet. 
Estimates of NADPH generation from glucose and adipose 
tissue (6 ) indicate that direct transfer of fatty acids into 
milk fat should spare glucose in the pentose phosphate 
pathway. This could explain how tallow feeding lowered 
blood ketones concentrations in early lactation. Scientists 
theori ze that glucose is not required to generate reducing 
equivalents for fatty acid synthesis, but could be diverted 
to other milk synthesis processes such as lactose synthesis. 
Lactose synthesis requires glucose (9 1 ). A high fat ration 
can reduce milk lactose concentration ( 18) . Even though 
nutrient component analysis of these rations demonstrate 
satisfactory NE1 present, they may be deficient in rumen 
degradable starch. Starch is the main gluconeogenic 
precursor (176) when fermented into propionic acid in the 
rumen. 
Protein Supplements 
Low and moderate milk production can be supported by 
microbial protein synthesis (bacteria and protozoa) , while 
increased milk production requires the use of dietary 
protein supplements that improve the amount of amino acids 
reaching the small intestine (116, 173). Increased 
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nutritional requirements are expected during the first eight 
weeks of lactation (92). These protein supplements must be 
able to partially escape or bypass rumen microbial 
proteolysis preserving intact a fraction of their amino acid 
make up, also , they should degrade postruminally to deliver 
available amino acids for intestinal absorption. 
Dietary protein, when rumen is available, suffers 
extensive proteolysis producing nutrients valuable to rumen 
microbial metabolism, namely ammonia (NH3 ) and carbon 
skeletons. Maximum microbial protein synthesis depends on 
the amount of substrate provided by the ration; however, 
microf lora by itself cannot provide sufficient protein to 
supply the host's requirements (25 , 79, 122, 145). Underes-
timation of protein requirements to efficiently feed rumen 
microbes results in diminished microbial protein synthesis, 
thus reduced microbial protein entering the small intestine 
(180) . Protein from forages is usually highly rumen 
degradable and can be a very important source of protein for 
rumen microbes. Alfalfa and grass hay crude protein (CP) is 
more degradable than silage CP (144). Crude protein from 
untreated oilseeds and oilseed byproducts (s oybean meal) are 
also rapidly degraded in the rumen. 
Rumen undegradability of feed supplements is usually 
achieved by chemical resistance to microbial attack at rumen 
pH. Resistance can be induced by three types of treatments : 
1) heat (2 , 111); 2) fonnaldehyde spraying (3 1, 34, 81 , 
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1 05 ) ; and 3 ) polymeric encapsulation (178). Success of heat 
and chemical treatment depends upon type of application, 
concentration, time, and temperature. Misapplication may 
reduce not only rumen but also overall gastro intestinal 
(GI) digestibility of the product. The rumen 
undegradability of polymer capsules depends more on rumen pH 
and is the most current procedure to deliver individual 
amino acids postruminally. 
Research trials over the last years have established 
the importance of rumen undegradable proteins for dairy 
cattle nutrition (10, 26, 24, 58, 142). In the past, 
protein requirements were described on a CP basis without 
additional considerations to separate rumen from overall 
animal performance. The National Research Council (NRC) 
( 116) protein system has been developed based on the 
recognition that rumen and whole animal nutritional 
requirements must be considered independently to achieve 
maximum production and performance with modern dairy cattle. 
The NRC model considers the degradable intake protein (DIP) 
and the undegradable intake protein (UIP) fractions of feed. 
Degradable intake protein is the protein portion available 
for rumen capture, while UIP is the portion estimated to 
escape rumen degradation, which includes the total tract 
undegradable protein in the feed. Nutrient digestibility is 
affected by rate of passage usually modified by increased 
dry matter intake (53, 58). Current research trials try to 
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identify the amino acid requirements for producing dairy 
cattle. This knowledge will mini mize dietary protein 
was tage and optimize productivity. The same essential amino 
acids are required by nonruminants and ruminants at t he 
ti ssue metabolism level (19, 42 ) . Tyrosine and cyst(e)ine 
have been identified to be essential for milk production 
(32) but are rarely limiting in lactating rations. 
Methionine and lysine are the two most limiting amino acids 
in standard lactating rations (139 ), but little is known 
about the ideal combination of amino acids supplied to the 
small intestine at the absorption site. This may be one of 
the reasons why various rumen undegradable protein 
supplements improve milk production (143 ) and performance 
(9 2 ) while others do not (53, 58). Amino acids are important 
for different metabolic functions. From the total amino 
a c id pool, 5 to 7% may be used for glucose synthesis through 
amino acid oxidation (102 ) , and an additional 1% may be used 
to synthesize carnitine, glutathione, melanin, dopamine, 
nicotinic acid, and other nonprotein nitrogen compounds. 
The remaining amino acids are primarily used to synthesize 
proteins for maintenance, growth, pregnancy, and milk 
production. Mi l k protein production is directly affected 
by: 1) amino acid concentrations in the blood, 2) mammary 
gland blood flow, and 3) carrier systems (mainly RNA) to 
transport amino acids across cell membranes. Details are 
discussed by extensive reviews by Clark et al. (32), Mephan 
3 0 
( 1 1 0) , and Wag horn and Baldwin ( 172 ) . Once amino acids have 
been transported successfully into the mammary gland cells, 
they can be used for synthesis of: milk protein, enzymes, 
structural proteins, non-essential amino acids, polyamines, 
or C02 (110 ) . Some free amino acids can be readily 
transferred to milk preserving their free state. Milk 
protein production cannot be directly predicted from blood 
amino acid uptake by the mammary gland. Mammary gland 
metabolism confounded the results in trials that tried to 
identify uptake vs. output relationships between amino acids 
and milk protein (110). 
Results from different studies start to uncover the 
production potential of nourishing dairy cows with the 
adequate amino acid amount and profile. Casein postruminal 
infusions increased milk production by 4 to 8%, and milk 
protein yield by 10 to 14% (32) when cows were fed a 17% CP 
ration. Since the average half-life of amino acids in the 
rumen is 2 h, protected forms of amino acids must be fed. So 
far, the best alternative has been offered by the use of 
polymer-coated compounds carrying 80 to 90% amino acids 
(150). In cows' early-to-mid lactation, the best results 
were achieved feeding encapsulated methionine and lysine . 
Protected amino acids in their free or compound form 
become more significant every day; Especially since milk 
pricing systems start to consider milk protein a more 
important component of milk. Supplemental amino acids may 
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play an important r ole in feeding high producing dairy cows, 
mainly because including fat in their rations is current ly 
a conventional practice (27) . Dietary fat often depresses 
milk protein concentration (125 ) affecting mainly casein 
synthesis, and the depression has been controlled 
success fully by supplementing niacin (54, 77, 78 ) and 
increased levels of UIP (23, 28, 55, 57 ) . 
Niacin Supplementation 
Niacin or vitamin B3 , the common name for nicotinic 
acid and nicotinamide, is synthesized by rumen microorgan-
isms (136). Amounts synthesized, in the past, were 
considered satisfactory to maintain body metabolism and milk 
production in the lactating cow (79) . Afterwards research 
trials proved that niacin supplementation could improve 
animal performance under specific conditions. Skaar et al. 
( 153) found that net energy intake was significantly 
depressed in cows that calved in the warm season compared to 
the cool season, and niacin supplementation could have 
beneficial effects on energy balance when dry matter intake 
is depressed. Recent studies (1, 136) showed that niacin 
rumen synthesis is affected by the amount of niacin provided 
in the ration. Niacin's most important function is its role 
in the coenzyme system NAD+NADP, which is involved in more 
than 40 metabolic reactions. Enzyme activity regulation, 
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ATP formulation, carbohydrate , lipid, and protein metabolism 
depend on that system to take place (161). 
Niacin effects on rumen metabolism are erratic. Shields 
et al. (152) reported microbial growth (especially protozoa 
(77 ) ) and ammonia utilization enhancement by niacin feeding 
while Abdouli and Schaefer (1} found no effect on three 
experiments in vitro. Increased microbial growth would 
improve microbial protein production and overall 
performance. It has been suggested that niacin in the 
rumen may serve as a thiaminase I cosubstrate and 
precipitate cerebrocortical necrosis . 
Morrison et al. (115) reported rapid niacin absorption 
in the small intestine in humans and an increased pyrridine 
nucleotide concentration in the blood after continuous 
dosing with niacin. 
Niacin has been reported to improve dry matter intake 
by 0 .8 kg/d with rations containing SBM during early 
lactation ( 140) ; however, the increase may be due to an 
overall improved energy balance and reduced ketosis. Studies 
showed that 6 to 12 g/d of niacin maintain higher blood 
glucose and insulin levels (149) providing the energetic 
substrate to effectively reduce B-hydroxy butyrate (ketone 
bodies), an indicator of subclinical and clinical ketosis 
(20) ; and that favorable blood metabolite concentrations can 
be effective for 2 to 5 weeks postpartum ( 83) . The best 
results have been observed by feeding niacin 1 to 2 week 
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prepartum to overcondi tioned cows. Niacin minimizes fat ty 
liver incidence (8 4, 138) in this type of cattle in early 
lactation. Niacin is antilipolytic in adipo se tissue and 
reduces nonesterified fatty acids (NEFA) concent ra tions in 
plasma (8 4 ) , which, in turn reduces the amount of 
triglyceride mobilized to plasma and inhibits liver uptake 
of long chain fatty acids . 
metabolizing triglyceride 
The liver is 
accumulations 
ine ff ective in 
(88 , 128 ) . 
Lipolytic control of adipose tissue may be the reason why 
niacin feeding regulates body weight loss (80, 14 8). 
Niacin supplementation has been associated with 
reversing the milk protein depression caused by dietary fat 
in the form of whole cottonseed (WCS ) , soybeans (SB ) or 
calcium salts of fatty acids (Ca-FA ) (153 ) . No specific 
reason has been isolated but a compound effect is suspected 
from higher dry matter intake, microbial protein, plasma 
insulin and glucose, reduced ketosis, and improved systemic 
energy balance (78, 94). 
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MATERIALS AND METHODS 
Experiment 1 
Experimental design. Forty multiparous early to mid 
lactation Holstein cows (75 days in mil k average) .were 
assigned to one o f five treatment groups (e ight cows per 
group ) in a randomized block design. Cows were grouped 
according to lactation number, stage of lactation, and mean 
mi lk production cal culated from the two weeks prior to the 
beg i nning o f the trial. Treatment diets contained: Basal 
total mixed ration (TMR) , sodium-alginate encapsulated rumen 
undegradable fat (RUF), soybean meal (SBM), blood , meat, and 
bone meal protein pellet as a s ource of undegradable intake 
protein (UIP ) , and niacin (N) . Their distribut i on and 
amounts fed on the treatment rations are detailed in Table 
1. The basal ration was 
requirements for 600 kg cows 
balanced according to 
producing 4 0 kg milk / d, 
NRC 
and 
individually fed ad-libitum through Calan gates (American 
Calan, Inc., Northwood, NH) twice a day (0 53 0 and 1800 h). 
Feeding was performed by using Calan scale feeders (American 
Calan, Inc., Northwood, NH ) and treatments were top dressed 
by hand during the morning feeding. Ten percent orts were 
allowed with intake adjustments performed daily. Cows in 
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all groups received one kg/d of long stem alfalfa hay at 
2300 h. Ration components and analysis are detailed in 
Tables 2 and 3. 
During the 1 0 weeks of the trial, dry matter intake 
(DMI), and milk production were monitored daily. Feed, 
supplements, and orts were sampled weekly, frozen, and later 
composited for laboratory analysis. Feces were sampled from 
each cow twi ce daily for three consecutive days during the 
last week of the trial to be later composited within cow and 
analyzed. Feed and feces samples were dried at 60° for 72 
h, ground through ·a Wiley mill (Thomas Wiley Laboratories, 
Suedesboro, N. J.) equipped with a 1 mm screen, and analyzed 
f or dry matter (DM), crude protein (CP) (66), acid detergent 
fiber (AD) (168), neutral detergent fiber (ND) (97), fatty 
acid composition (FA) (1 62), and acid insoluble ash (AIA) 
(4 ). Fatty acid analysis was performed by gas-liquid 
chromatography (GLC) on a HP 1090A Hewlet Packard equipped 
with a 182 x 0.64 em glass column with GP 10% SP-2330 on 
"XJ/ 200 Chromosorb• (Supelco cat.# 1-1851). Detection was 
performed with a FID detector fueled with hydrogen at 15 -
20 ml x min·' . Temperatures were set at 220° C at the 
injector and 225° at the detector. Nitrogen (N2 ) was used as 
a carrier gas at 30 ml x min·• and make-up gas-air mixture 
flow rate was set at 250 ml x min·'. Oven program started at 
130° c. Initial temperature was kept for 10 min . 
Temperature increased to 195° C at 4°/min . Final time (A) 
TABLE 2. Total mixed ration (TMR ) . 
Components Dry matter% 
Alfalfa silage 15.95 
Alfalfa hay 31.19 
Corn silage 5.34 
Rolled barley 16.49 
32 % protein pellet 1 7.16 
Whole cottonseed 8.45 
Corn distillers grains 4.93 
Shredded beet pulp 5.64 
Ca salts of fatty acids 1.18 
Animal fat 0.78 
Limestone 0.30 
Cane molasses 0 .88 
Mineral premix 2 1.69 
1 
Comprised of: crude protein. 32 %; crude fat . 
15 %; calcium , 2.5 %; phosphorous. 1.0 %; 
salt, 2.5 %, Vitamin A (USP units/kg) , 66.000; 
vitamin 03 (USP units/kg),16,500; vi tamin E 
(IU/kg), 66. 
2 
Calcium, 8%; potassium, 3.26%; magnessium, 
2.2%; sodium, 6%; phosphorus. 5.5%; sulfur. 
3.2%; copper, 400 ppm; Iron, 3730 ppm; 
manganese, 2000 ppm; and zinc, 2000 ppm. 
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TABLE 3. Ration nutrient composition (dry matter ) . 
Nutrient Basal TMA 1 AUF~ SBM 3 AUF+ UIP 4 
5 1.74 1.99 1.99 NE1 , Meal/kg 
CP, % 18.08 18.83 18.83 
UIP. % 30.00 31 .00 47.25 
ADF, % 21.10 19.06 18.28 
NDF, % 31.11 28.00 26.96 
Crude tat, % 6.79 11 .53 11 .53 
Ca, % 1.25 1.11 1.43 
P. % 0.51 0.48 0.68 
Mg,% 0.26 0.25 0.23 
K, % 1.29 1.25 1.12 
Ca:P, ratio 2.48 2.31 2.11 
1 
Total mixed ration 
2 








was 1 min, then temperature was ramped to 250° C at 50°/min 
with a final time (B) of 1 min. Equilibrium time was also 
1 min. Fatty acid extraction was performed as described by 
Sukhija and Palmquist (162). The internal standard was 
replaced with pentadecanoic acid (C1 5: 0) because 
eptadecanoic acid (C17:0) interfered with palmitoleic acid 
(C16 :1) detection. We were unable to separate linolenic 
(C18 :3 ) from arachidic (C20 :0) acid. Both acids were 
detected at the same retention time, thus were considered 
together for pertinent calculations. Milk samples were 
collected weekly to be analyzed for fat, protein, lactose, 
solids-not-fat (SNF) percent, and somatic cell count (SCC) 
by the Dai r y Herd Improvement (DHI) laboratory (DHIA, Logan, 
UT) using a Multispec M Infrared Analyzer (Wheldrake, York, 
England). Additional milk samples at weeks 2, 4, and 6 were 
frozen (- 20° C) to be analyzed for total protein (TP) , 
casein protein (CAS), whey protein (WP), and non protein 
nitrogen (NPN) (4). Feed, arts, milk, plasma samples, and 
body weights were collected and recorded the same day every 
week during the trial before the morning feeding. Blood for 
plasma samples was obtained from the tail vein into Na-EDTA 
tubes. Plasma was extracted within three hours after sam-
pling, frozen at -20° C and then composited within cow at 
the end of the trial to be analyzed for glucose, 
cholesterol, and BHB using corresponding analysis kits 
(SIGMA Diagnostics, P.O. Box 14508, St. Louis, Mo). 
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Weekly mean DMI, feed efficiency, milk production, and 
4% fat corrected milk (FCM ) were matched with their 
corresponding weekly fat, protein, lactose , and SNF labora-
tory analysis (DHI ) to compare treatment effects on milk 
production and components. Nutr ient apparent total tract 
digestibility parameters were calculated using nutrient 
values obtained from the laboratory analysis . Acid 
insoluble ash (AIA) values were used as an internal marker. 
Statistical analysis. Data was analyzed u sing ANOVA 
analysis procedures according to Cochran and Cox (33) with 




the dependent variable (milk yield, 
composition, components yield, body 
weight, DMI, feed efficiency, casein, 
whey protein and NPN) 
the overall mean 
effect of ,th Treatment 
random effect associated with ith Cow within the 
,th Treatment (e rror a ) 
effect of ,th Week 
effect associated with error b 
effect associated with ,th Week x ,th Treatment 
effect associated with error c 
for a population arranged in a completely 
Model 2: 
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randomized design (CRD) wi th repeated measures 
(split-plot ) and the experimental treatments in a 
2 x 2 factorial design with an additional 
treatment (control). 
where: 
the dependent variable (Plasma glucose, IS-hydroxy-
butyrate, cholesterol; DM, CP, AD, ND, and FA di-
gestibility. 
the overall mean 
effect of ,th Treatment 
random effect associated with jth Cow 
within the ,th Treatment (error term) 
for a population arranged in a completely 
randomized design (CRD) and the experimental 
treatments in a 2 x 2 factorial design with an 
additional treatment (control) . 
Experiment 2 
Experimental design. Eight mature non-lactating 
Holstein cows fitted with rumen and duodenal cannulae were 
randomly assigned to one of five treatments (Table 4) in a 
randomized block design . Rations were designed to 
proportionally replicate the treatments used for the milk 
production trial (Experiment 1). Cows received all five 
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5 
Total mixed ration 
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Rumen undegradable fat 
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periods). Basal ration feeding was divided into two daily 
feedings (0700 and 18 00 h) and supplements were top dressed 
by hand during the morning feeding . 
Five collection periods were completed with a minimum 
of 21 day adaptation interval . At the end of the interval 
and five days before each sampling period began, cows were 
ruminally dosed with 150 g chromium mordanted straw (168 ) (5 
to 10 mm particle size ) and subsequent fecal grab samples 
were collected at 0, 12, 24, 36, 48, 60, 72, 84 and 96 h 
after dosage. Samples were immediately frozen (- 20° C) 
until the end of the trial then they were oven air dried at 
60° C for 3 days and individually ground through a 1 mm 
screen. Dried and ground fecal samples were then divided 
into two bags, one bag was reground through a Cyclone mill 
to improve sample homogeneity for chromium analysis. The 
remaining bag was used to composite fecal samples within cow 
and collection period. Composited samples were then 
analyzed for DM, CP, AD, ND, AIA, and FA to calculate total 
tract nutrient apparent digestibility. 
At the beginning of each sampling period, TMR and 
supplement samples were collected, oven dried, ground , and 
stored to be analyzed for DM, CP, AD, ND, AIA, and FA. Cows 
were fed at 0700 h right after 50 g of NaCo-EDTA (dissolved 
overnight in 250 ml DI H20) had been dosed direc t ly into the 
rumen through the fistula. Rumen and duodenal fluid samples 
were collected at 0, 2, 4, 6, 8, 10, and 12 h post-feeding. 
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Rumen sampling was prolonged to include 24, 36, and 48 h 
samples after Co- EDTA was dosed to calculate liquid dilut ion 
rate (135, 141). Rumen fluid samples were obtained from the 
ventral sac, pH recorded, strained through two layers of 
cheese cloth, preserved with 6 N HCl (2 ml HCl + 18 ml rumen 
fluid ) and frozen in plastic 25 ml scintillation vials for 
later analysis of Cobalt (Co) by atomic absorption 
spectrophotometry (Buck Scientific ) (177) , ammonia nitrogen 
(NH3 - N) (66 ) , volatile fatty acids (VFA ) (GLC HP 1 090A) , and 
free niacin concentration (0 , 2, 4, 8, and 12 h only ) (4 ). 
From the two hour post-feeding sample, two additional 
subsamples were separated : 1) 10 ml to be preserved with 10 
ml 50% formaldehyde solution to count total protozoal (174); 
and 2) 20 ml unpreserved to count total and cellulolytic 
viable bacteria populations (97). 
Duodenal samples were collected into 350 ml whirlpak 
bags directly from the re -entrant cannulae. From each 
sample, approximately 20 ml of fluid was transferred to a 
plastic scintillation vial and frozen for later analysis of 
Co and NH3-N concentration. The remaining sample in the bag 
was freeze dried, ground (1 mm screen Cyclone mill), and 
analyzed for CP, AD, ND, and FA concentrations. 
Statistical analysis. Data was analyzed using ANOVA 
analysis procedures according to Cochran and Cox (33) with 
the following models: 
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Model 1: 
Y;;• = Jl + C, + T; + CT;; + H, +CH"' + TH;, + E 'i' where: 
the dependent variable (rumen pH, NH3-
N, volatile fatty acids (VFA), and 
niacin) 
the overall mean 
effect of ,th Cow 
effect of ;th Treatmen t 
random effect associated with ,th Cow 
within the ;th Treatment (error a) 
effect of ,th Hour 
random effect associated with ,th Cow 
e ffect of ;th Treatment x ,th Hour 
random effect associated with error c 
x ,th Hour 
for a population arranged in a randomized block 
design with repeated measures (split-plot ) and 
the experimental treatments in a 2 x 2 factorial 
design with an additional treatment (control). 
Model 2: 
yijk 
Yij = J.L + C; + T; + E ;; where: 
the dependent variable (total and 
cellulolytic bacteria, protozoa, 
liquid dilution rate, DM rate of 
passage, duodenal CP. DM, CP, AD , ND, 
and FA digestibility) 
the overall mean 
effect of ;th Cow 
effect of ;th Treatment 
random effect associated with ;th Cow 
within the ;th Treatment (error term) 
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for a population arranged in a randomized block 
design and the experimental treatments in a 2 x 2 
factorial design with an additional treatment 
(control). 
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RESULTS AND DIS CUSSION 
Experiment 1 
Treatment effects on dry matter intake (DMI), milk 
yield, milk components, body weights, and feed efficiency 
are presented in Table 5. Soybean meal, UIP , and niacin 
supplementation did not affect DMI while RUF addition did 
(22.95 vs 23.72 kg/d). Dietary fat increased DMI by 0.77 
kg/d (P< 0.05 ) . This result disagrees with other studies 
(87, 134) where addition of high levels of RUF decreased 
DMI. The increase might have been induced by the greater 
palatability of the fat supplement used in this study 
(sodium-alginate encapsulated tallow) , which appeared to be 
high. Increased intake, however, did not affect daily milk 
yield as would be expected with standard rations containing 
a low or moderate fat concentration. Rumen undegradable fat 
supplementation to 11.53% of the ration DM, diluted the AD 
and ND proportions in the treatment rations (see Table 3), 
thus reducing the amount of rumen fermentable nutrients 
available for bacterial growth. These results are incon-
sis tent with other studies (65) where supplemental fat 
increased milk production in early to mid lactation. Since 
the cows were 75 days in milk (DIM) on average at the 
beginning of the project, the lactation period where 
supplemental fat appears to be most effective was probably 
missed (129). Niacin did not affect daily milk yield with 
TABLE 5. Treatment effects on milk yield, components , body weight, dry matt er intake (DMI), and feed efficiency. 
Treatments Effects 
Measure CTL1 SBM1-N 3 SBM UIP\N UIP SEM C5vs F 0 P 7 N PxN 




4% FCM, kg/d 30.90 30.89 29.42 27.27 30.54 0 .788 * 
-- --
** 
Milk fat,% 3.51 3.36 3.45 3.21 3.69 0.073 
-- --
** 
Milk fat , kg/d 1.17 1.13 1.11 0.99 1.17 0 .034 * 
-- ** ** 
Milk protein, % 3.08 3 .01 3.06 2.95 3.00 0.027 ** ** 
Milk protein, kg/d 1.03 1.01 0.97 0.91 0 .97 0 .024 ** ** 
--
** 
Milk lactose, % 4.92 4.83 4.83 4.81 4.66 0.044 ** ** 
Milk lactose, kg/d 1.66 1.64 1.55 1.49 1.52 0.044 ** 
SNF,% 8.70 8.52 8.56 8.41 8.46 0.048 ** ** 
SNF, kg/d 2.92 2.87 2.73 2.60 2.74 0 .072 ** * 
-- * 
Body weight, kg 607 639 663 621 626 7.1 ** ** 
DMI, kg/d 22.95 23.87 24.05 23.28 23.66 0.327 ** 
Feed efficiency 6 1.35 1.29 1.22 1.17 1.29 0.036 ** ** 
1 Control 6 Fat 2 Soybean meal 7 Protein 3 
8 4% FCM/DMI Niacin 4 
5 Undegradable intake protein ** p < 0.05 
Control 
* p < 0.1 
"' CD 
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either source of protein (S BM or UIP) to show a significant 
difference among treatments, but a PxN interaction was 
identified (P<0.05) indicating that niacin behaved 
differently with SBM and UIP. This result was also observed 
in the 4% FCM analysis where the same interaction was 
present. Rumen undegradable fat supplementation reduced 4% 
FCM by 1.37 kg/d (P<0.1). 
Dietary RUF , SBM, and UIP did not affect milk fat 
concentration, while niacin decreased fat proportion by 0.39 
percentile points (P<0,05 ) when compared to treatments 
without niacin. Milk fat yield was decreased (P<0.1) by 
RUF. Niacin decreased fat yield with UIP by 0.18 kg/d 
(P<0 .01 ), and a PxN interaction was again present suggesting 
that niacin response depended on the s ource of protein when 
high fat was fed . RUF also decreased milk protein 
concentration by 0.07% and protein yield by 0.07 kg/d which 
has been reported in other studies (22 , 65, 90) . Soybean 
meal and UIP did not improve milk protein concentration over 
the control, but SBM fed cows produced higher milk protein 
concentration and yield over the UIP treatments (P<0.05). 
Niacin decreased milk protein percent by 0. 05 percentile 
points (P<0.1) , which is in 
researchers (80 , 153) who 
disagreement with 
reported milk 




other hand, niacin did not show an effect on protein yield. 
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Milk protein breakdown (Table 6} did not reveal any 
effects from RUF, protein s ources, or niacin; however, 
casein values tended to be low and NPN values tended to be 
high f o r all treatments when compared to the milk protein 
components obtained in other studies (61}. Results from 
this study suggest the control ration (6.79% crude fat } had 
already depressed milk casein and increased NPN as 
documented in other studies ( 39, 44} ; the experimental 
treatments did not induce any additional response. Rumen 
undegradable fat also dec reased lactose and SNF concentra-
tions by 0. 14 and 0.21 percentil e points, respectively 
(Table 5}. Undegradable intake protein treatments produced 
0.1 percentile points (P<0.05 } less lactose than SBM, but 
did not affect lactose yield. Solids -non-fat concentration 
decreased 0.1 percentile point by UIP when compared to SBM, 
and in this case, SNF yield was also affected by protein 
source where SBM treatments generated 0.13 kg/d (P<0.1} more 
SNF than UIP treatments. Rumen undegradable fat 
supplementation consistently decreased milk components 
except for milk fat concentration . High fat appeared to 
dilute other nutrients thus reducing the amount of substrate 
available for microbial growth and production. Soybean 
meal supplementation appeared to alleviate the RUF effect 
by, probably, increasing readily degradable nutrients 
necessary for rumen fermentation. This effect might be the 
reason why SBM treatments outperformed UIP treatments. 
























uJp"+N UIP SEM 
83.31 84.14 1.33 
16.69 15.86 1.33 






% of true milk protein 
9 
10% of true milk protein 
% of milk total nitrogen 
Effects 




Niacin effects are somewhat confusing except for the 
positive impac t on mi lk protein concentrat i on within protein 
supplements. PxN interactions mainly occurred in the 
component yield parameters (milk fat, milk protein , SNF), 
and feed efficiency, where niacin supplementation was 
beneficial with SBM and detrimental with UIP. It is 
suspected that feedi ng 12 g of niacin might have had a 
detrimental effec t on rumen f ermentation when UIP and RUF 
made up a large proportion of the nutrients in the ration. 
Cows fed RUF had higher mean body weights than the control 
cows by 30 kg. Soybean meal fed cows were 28 kg heavier 
t han UIP fed cows (P<O.OS) . Niacin did not affect average 
body weight within UIP fed cows, but reduced it i n SBM fed 
cows ( 639 v s . 663 kg), likely due to the ant ilipoly tic 
properties of niacin described by Jaster et al . (84). 
Plasma metabolite analysis (Table 7 ) showed no effect 
between treatments for on B-hydroxybutyrate (BHB ) and 
c h olesterol concentrations; however, a PxN interaction was 
evident in plasma BHB levels (P<O.OS) indicating a different 
behavior of niacin with SBM than with UIP. Neither source of 
protein modified BHB or cholesterol, but there was a 
difference within UIP treatments due to niacin 
supplementation, where plasma BHB increased 3 . 4 mg / dl over 
UIP treatment without niacin (P.:O.OS). RUF increased plasma 
glucose by 6 .6 mg / dl (P.:O.OS) over the control, probably 
because of a sparing effect on glucose utilization for fatty 




















SBM;_N 3 SBM Ulf11+N UIP SEM 
65.66 64.70 62.35 61 .12 2.573 
8.74 9.58 11.33 7 .93 0.878 




•• p < 0.05 
Effects 








acid synthesis in the mammary gland as has been reported by 
other researchers (18, 90 ). 
Total tract apparent nutrient digestibility is reported 
in Table 8. Dry matter and CP total tract apparent 
digestibilities did not differ between treatments (P>.05). 
Rumen undegradable fat increased CP and ND digestibility 
5.93% and 5.47% (P<.05) respectively when compared to the 
control. This most likely occurred due to the dilution 
effect caused by RUF addition that decreased fiber 
concentrations in the treatment rations. Undegradable 
intake protein enhanced ND digestibility by 3.97% (P<0.1) 
when compared to SBM rations. Niacin did not affect CP, AD 
or ND digestibility significantly. This may be due to a 
slower but more sustained breakdown of the undegradable 
intake protein. Which in turn allowed improved microbial 
fiber breakdown (8 5) . Rumen undegradable fa t 
supplementation decreased fatty acid apparent digestibility 
by 6.01% (P<.01). 
Experiment 2 
Treatment effects on rumen fermentation characteristics 
are detailed in Table 9. Rumen undegradable fat 
supplementation did not affect rumen fluid pH, ammonia-
nitrogen, or volatile fatty acids (VFA). Cows fed unde-
gradable intake protein had increased propionate concentra-
tion by 1.82% (P<0.1) over SBM rations. This also affected 
the acetate to propionate ratio (A:P) decreasing it 0.43% 
TABLE 8. Treatment ef f ects on total tract nutrient apparent d i gest ibil ity . 
Measure 
DM, 8 % 
CP, g% 





























Ulp4+N UIP SEM 
74.47 77.85 2.380 
76.65 79.80 2.323 
65.78 70.50 3 .080 
76.46 78.21 2.275 
76.61 79.37 3.025 
8 
Dry matter 
9 Crude prote in 
10 Acid detergent fiber 
11 
Neutral detergent fiber 
12 Fatty acid 
• p < 0.1 
•• p < 0.05 
Effects 







TABLE 9. Treatment effects on rume n fermentation characteristics. 
Treatments Effects 
Measure CTL SBM1-N3 SBM UIP\N UIP SEM C5vs F 0 P 7 N PxN 
pH 6.17 6.30 6.26 6.28 6.31 0.009 
NH3-N, ug/ml 185.42 214.69 220.47 231 .04 188.68 17.47 
VFA 8 
Total, umol/ml 122.67 133.64 112.54 123.61 116.04 7.00 * 
Acetate,% 65.73 66.21 64.61 64.64 63.88 0.788 
Propionate,% 16.50 16.39 17.60 18.10 19.53 0.968 -- * 
A: P, ratio 4.10 4.21 3.80 3.71 3.45 0.238 * 
Butyrate , % 13.32 13.12 13.07 12.58 12.08 0.544 
lsobutyrate, % 1.11 1.06 1.19 1.20 1.01 0.076 ** 
Valerate , % 1.60 1.58 1.73 1.72 1.94 0.141 
lsovalerate, % 1.71 1.63 1.80 1.75 1.55 0.140 




2 Soybean meal 7 Prote in 
3 Niacin 8 Vo latile fatty acids 
4 Undegradable Intake protein 
5 
• p < 0 . 1 




(P<0.1). Rumen fluid levels of niacin increased with niacin 
supplementation; however, niacin concentration decreased 
rapidly post-feeding. Figure 1 illustrates niacin 
concentration and fluid dilution rate together. Niacin 
concentration in rumen fluid decreased at a faster rate than 
Co -EDTA (complex used to measure liquid dilution rate ) , 
indicating that niacin was highly degradable in the rumen. 
If niacin effects depend on its concentration in rumen 
fluid, or on the amount of niacin passing to the lower gut, 
a rapid degradation rate would diminish niacin's potential 
effects. Since all treatment rations except the control 
contained RUF, statistical analysis showed increased niacin 
in RUF rations, but this effect was influenced by niacin 
supplementation, not by fat (P<0.01). 
Dietary RUF, along with supplemental protein, increased 
total bacteria in the rumen (Table 10), but decreased 
cellulolytic bacteria populations by 0.13 and 1. 69 log 
points (P<0.0 1 ) , respectively. The increase in total 
bacterial populations may be due to the supplemental 
protein. The decrease in cellulolytic bacteria may be due 
to the toxic affects of RUF. Undegradable intake protein 
increased total bacteria by 0.18 log points (P<O.Ol) over 
SBM. This may be due to a more even release of ammonia into 
the rumen with the less degradable UIP. Where as with the 
more degradable SBM, rapid protein breakdown may have 
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Figure 1 . Comparative concentration decrease: Niacin vs. Co-EDTA 
(di lution rate indicator) . 
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5.388 5.543 
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decrease total bacteria populations 0.09 log points (P<0.1 } . 
These disagree with previous studies ( 152 } where niacin 
improved rumen fermentation and microbial populations. 
Protozoa populations were unaffected by treatments. These 
results disagree with other studies where high levels of 
dietary fat reduced protozoal numbers and viable 
cellulolytic bacteria in the rumen (35 } . 
Treatment effects on nutrients delivered to the 
duodenum are listed in Table 11 . Rumen undegradable fat 
supplementation did not affect NH3 -N levels in fluid samples 
obtained from the proximal duodenum. Soybean meal contain-
ing rations delivered 26 . 2 ug/ml (P<0.1} more NH3-N than UIP 
supplemented rations as would be expected when higher 
proportions of rumen degradable protein (SBM} are fed. 
Several of the apparent effects of the treatments differed 
from expectations. One of the reasons for this may be the 
high levels of fat in the control diet (see Table 2 } . Crude 
protein concentration of duodenal solids together with dry 
matter rates of passage indicate that RUF treatments 
delivered 1.9% less CP than the control (P<0.05}. Liquid 
dilution rate and dry matter rate of passage were not 
affected by treatments (Table 12}. 
Total tract apparent nutrient digestibility parameters 
are described in Table 13. Treatments showed no effect on 
nutrient digestibility except that RUF decreased dry matter 
TABLE 11. Treatment effec ts on nutrients delive red to the d uod e num. 
Treatments Effects 












Undegradable Intake protein 
5 
Control 
126.40 109.09 94.96 88.21 15.04 







% of dry doudenal solid samples 
* p < 0 . 1 
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total tract determination 
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C 5vs F" P 7 N PxN 
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TABLE 13. Tre a t me n t effects on total tract nutrient apparent digestibility. 
Measure 
DM, 8 % 
CP, g% 













































10 Acid detergent fiber 
11 Neutral detergent fiber 
12Fatty acid 
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a nd f a t ty acid digestibility by 5.73% and 19.44%, r e spec -




In this study an attempt was made isolate the effects 
of feeding 12 g of niacin with UIP and high levels of RUF. 
Interactions between niacin and protein sources were 
evident, mainly indicating that niacin tended to be advanta-
geous with SBM and detrimental with UIP supplementation when 
high RUF was fed. 
Treatment effects were identified though somewhat 
unclear. The high amount of fat already present in the 
control ration (see Table 3) may have been a major factor 
confounding the results. Also, the cows may have been past 
the period in lactation when RUF, UIP, and niacin are 
expected to be most effective in improving performance. 
Nutrient digestibility appeared to be affected by ration 
composition and rumen fermentation while milk production and 
composition were not affected by this. Undegradable intake 
protein, SBM, and niacin interactions and effects on 
performance need to be better understood when a very high 
amount of RUF is supplemented. Niacin effects on rumen 
metabolism must be further studied until actual interactions 
with other ration components and rumen microbes are 
understood. Special considerations may be necessary where 
rumen fermentation may be diminished by high proportions of 
rumen unavailable-nutrients in the ration. 
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Experiment 2 
In this study an attempt was made to identify the 
effects of niacin with UIP and high levels of RUF on rumen 
fermentation characteristics. The lack of clearly identi-
fiable effects by treatments on rumen fermentation parame-
ters suggests the difference was either nonexistent or small 
enough to be masked by sampling procedures. Overall, this 
data suggests that the source of UIP was not as rumen 
undegradable as expected. Niacin supplementation also 
failed to produce significant results. Niacin's fast 
concentration decrease in rumen fluid suggests microorgan-
isms rapidly degrade or modify dietary niacin. The effects 
of niacin on bacterial populations remains unclear. Perhaps 
a study designed to maintain high niacin levels over time 
would enhance the effects that could not be isolated in this 
study. 
The RUF (sodium-alginate encapsulated fat) maintained 
its rumen inertness characteristics. Protozoal populations 
were spared by RUF supplementation. Studies with other 
sources of RUF report similar results (65). Microbial 
populations were affected only to a degree that did not 
diminish postruminal nutrient delivery or total tract 
nutrient apparent digestibility. 
Additional studies are necessary to isolate the 
effects of niacin in rumen fermentation when rations contain 
high proportions of rumen undegradable nutrients, especially 
6 7 
f a t and protein. Niacin effects on rumen bacterial 
populations and fermentation are not well defined and the 
mechanism by which niacin improved performance in some 
studies needs to be further investigated. 
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Analysis of Variance Tables 
Appendix A. 
Abbreviations: 
* ......... . ... ........... P < 0.1 
** · ...................... P < 0.05 
DF . . .... ... ............ .. degrees of freedom 
C vs F ............ ... .... control vs. fat 
Among T ... ..... .... ...... among treatments 
Prot ..... ...... ...... .. .. protein source 
Niac ................. . ... niacin 
PxN ...................... protein x niacin 
W ....... .. ..... .... .. ... . week 
P ........................ protein 
N ........................ niacin 
SBM ...................... soybean meal 
86 
UIP ............ ....... ... undegradable intake protein 
CTL .....•.......... ... ... control 
87 
Appendix B. 
TABLE 14. Analysis of variance for dependent variables in 
experiment 1. 
Daily milk yield, kg/d 
SOURCE DF MS F s 
--------- ---- --------- ----------- --- SBM UIP 
Treatment 4 95.12 
c VS F 1 98.22 
Among T 3 94.09 
Prot 1 90.86 
Niac 1 4.43 
PxN 1 186.98 





W T 36 
w p 9 
W N 9 
W P N 9 
Error C 252 
TOTAL 
4 %- FCM, kg / d 
SOURCE 
Treatment 


















W T 36 
w p 9 
W N 9 
W P N 9 




















































+N 33.67 31.09 
-N 31.91 32.37 

















Milk fat, % 
SOURCE DF MS F s 
---- --------- ---- - --- ------------ - --
Treatment 











































w p N 
Error c 
TOTAL 
Milk fat, kg/d 
SOURCE 
Treatment 























W T 36 
w p 9 
W N 9 
W P N 9 






























3 . 06 * 
5.32 ** 
1. 23 































1.17 1 . 14 
1. 08 
Milk protein, % 
SOURCE DF MS F s 
----- -------------- ----- ----- -------
Treatment 



























3.86 ** +N 
6 .52 ** -N 
2 . 9 7 ** mean 
5 . 1 9 ** 




w T 36 0.02 0.33 
w p 9 0.01 0.27 
w N 9 0.0 1 0.31 
w p N 9 0.02 0.43 
Error c 252 0.0 5 
TOTAL 399 0.05 
Milk protein, kg/d 
SOURCE DF 
Treatment 4 
c vs F 1 













W T 36 
w p 9 
W N 9 
W P N 9 



























































Milk lactose, % 
SOURCE DF MS F s 
- -- - ------ -- ------------------------
Treatment 



































0 . 41 
0.44 
0.16 








4.54 ** +N 
7.76 ** -N 




5 . 15 ** 
0.46 
0 . 67 
0.38 
0.55 
Milk lactose, kg/d 
SOURCE DF MS F s 
---------------------- ----- -------- -
Treatment 4 0.41 2.69 ** +N 
c vs F 1 0.80 5.19 ** -N 
Among T 3 0.28 1. 85 mean 
Prot 1 0.55 3.57 
Niac 1 0.01 0.48 CTL 
PxN 1 0.30 1. 94 


























































SOURCE DF MS F s 
------------------------------------
Treatment 4 1.00 5.42 ** +N 
c VS F 1 2.92 15.84 ** -N 
Among T 3 0.36 1. 94 mean 
Prot 1 0.90 4.88 ** 
Niac 1 0.17 0.95 CTL 
PxN 1 0.00 0.11 








4 .67 ** 
----------- --- ---------- ------------
w T 36 0.04 0 . 35 
w p 9 0.02 0 .15 
w N 9 0.05 0.43 
w p N 9 0 .03 0.25 
Error c 252 0.13 
TOTAL 399 0.14 
SNF, kg/d 
SOURCE DF MS F s 
----- -------------------------------
Treatment 4 1.25 2.99 ** +N 
c VS F 1 2.06 4.91 ** -N 
Among T 3 0.99 2.35 * mean 
Prot 1 1.33 3.18 * 
Niac 1 0.00 0.00 CTL 
PxN 1 1. 63 3.88 * 
Error A 35 0.42 









w T 36 0.03 0.08 
w p 9 0.04 0.09 
w N 9 0 . 04 0.08 
w p N 9 0.03 0.08 
Error c 252 0.45 
TOTAL 399 0.43 
91 
SBM UIP mean 
8.52 8.41 8.47 
8.56 8.46 8.51 
8.54 8.44 
8.70 
SBM UIP mean 
2.87 2.60 2.74 
2.73 2.74 2.74 
2.80 2.67 
2.92 
Dry matter intake (DMI ) , kg/d 
SOURCE DF MS F s 
------- ------- ----- - ---- - - ----------
Treatment 






































--- ------- ------- ---- ---------- ---- -
w T 36 3.87 0. 51 
w p 9 6.00 0 . 79 
w N 9 3.87 0 .51 
w p N 9 2.67 0.35 
Error c 252 7.62 
TOTAL 399 7.46 
Mean body weight (BW) , kg 
SOURCE DF MS F s 
----- - ----- --------- --- --- ----- -----
Treatment 4 35307 8.74 ** +N 
c vs F 1 58287 14.43 ** -N 
Among T 3 2 7 647 6.85 ** mean 
Prot 1 58069 14.38 ** 
Niac 1 17201 4 .26 CTL 
PxN 1 7672 1. 90 
Error A 35 4039 
----------------- - ------------------
Week 9 1680 0.44 
Error B 63 3811 
--- --- ----------- - ------------------
w T 36 506 0.12 
w p 9 621 0.15 
w N 9 915 0.22 
w p N 9 341 0.08 
Error c 252 4105 
TOTAL 399 3986 
92 
SBM UIP mean 
23.87 23.28 23 . 58 
24.05 23.66 23.8 6 
23.96 23.47 
22.95 
SBM UIP mean 
639 62 1 630 




Plasma glucose, mg/dl 
SOURCE DF MS F s 
---------- --- ----------------------- SBM UIP mean 
Treatment 4 96.48 1. 82 +N 65.66 62.35 64.00 
c VS F 1 281.31 5.31 ** -N 64.70 61.12 62.91 Among T 3 34.86 0.66 mean 65.18 61.73 
Prot 1 94.98 1. 79 
Niac 1 9.47 0.18 CTL 56.83 
PxN 1 0.14 0.00 
Error 35 52.94 
------------------------------------
TOTAL 39 
Plasma B-hydroxybutyrate, mg/dl 
SOURCE DF MS F s 
------------------------------------ SBM UIP mean 
Treatment 4 13 .33 2.16 +N 8.74 11.33 10.03 
c VS F 1 2.62 0.42 -N 9.58 7.93 8.76 
Among T 3 16.89 2.74 mean 9.16 9.63 
Prot 1 1. 73 0.28 
Niac 1 13.08 2.12 CTL 8.76 
PxN 1 35.87 5.81 ** Error 35 6.17 
---------- -------------------- ------
TOTAL 39 
Plasma cholesterol, mg/dl 
SOURCE DF MS F s 
------ -- --- ---------- -- ------- ------ SBM UIP mean 
Treatment 4 786 0.53 +N 195.1 192.4 193.7 
c vs F 1 286 0.19 -N 216.6 199.1 207.9 
Among T 3 953 0.64 mean 205.9 195 .7 
Prot 1 818 0.55 
Niac 1 1601 1. 08 CTL 207.5 
PxN 1 439 0.30 




AD digestibility, % 
SOURCE DF MS F s 
-- ---------------------------------- SBM UIP mean 
Treatment 4 143.50 1. 89 +N 60.65 65.78 63.21 
c VS F 1 184.25 2.43 -N 65.29 70.50 67.90 
Among T 3 129.92 1. 71 mean 62.97 68 .14 
Prot 1 214.09 2. 82 
Niac 1 175.64 2.31 CTL 60.19 
PxN 1 0.02 0.00 
Error 35 75.90 
--------- ---------------------------
TOTAL 39 
ND digestibility, % 
SOURCE DF MS F s 
----- ------------------------------- SBM UIP mean 
Treatment 4 90.85 2.20 * +N 72.19 76.46 74.32 
c VS F 1 203.69 4.92 ** -N 74.53 78 .21 76.37 Among T 3 53.24 1.29 mean 73.36 77.33 
Prot 1 126.29 3.05 * 
Niac 1 33.35 0.8 1 CTL 69.71 
PxN 1 0.07 0.00 
Error 35 41.39 
----------- -- -----------------------
TOTAL 39 
CP digestibility, % 
SOURCE DF MS F s 
-------------------------- - --------- SBM UIP mean 
Treatment 4 85.65 1. 98 +N 74.40 76.65 75.52 
c VS F 1 224.77 5 .21 ** -N 77.23 79.80 78.51 Among T 3 39.28 0.91 mean 75.82 78.22 
Prot 1 46.22 1. 07 
Niac 1 71.40 1. 65 CTL 71.09 
PxN 1 0. 21 0.00 
Error 35 43.16 
------------------------------------
TOTAL 39 
DM digestibility, % 
SOURCE DF MS F s 
-------- - ---------- ------ ---- ----- --
Treatment 4 63.35 1.40 +N 
c vs F 1 54.03 1.19 ·N 
Among T 3 66.46 1.47 mean 
Prot 1 116.62 2.57 
Niac 1 82.53 1. 82 CTL 
PxN 1 0.22 0.00 
Error 35 45.31 
TOTAL 39 
Fatty acid digestibility 
SOURCE DF MS F s 
---------------------- ------- -------
Treatment 4 141.05 1. 93 +N 
c VS F 1 231.28 3.16 * ·N Among T 3 110 .9 7 1. 52 mean 
Prot 1 188.9 1 2.58 
Niac 1 130.86 1. 79 CTL 
PxN 1 13.15 0 .1 8 
Error 35 73.19 
---------- --- - ----- -----------------
TOTAL 39 
Total protein in milk, % 
SOURCE DF MS F s 
------- - --- ---------- ----------------
Treatment 











w p N 


































0 .12 ·N 
1. 02 mean 
1. 89 












































Casein % in true milk protein 
SOURCE DF MS F s 
- - - - -- - -- - -- - -- - ---- ---- ---- - - ------ SBM UIP 
Treatment 
























+N 85.53 83.31 
-N 84.41 84.14 
mean 84.97 83.72 
CTL 85.64 
------------- ------- -------- --- -----
w T 8 21.83 1. 56 
w p 2 6.32 0.45 
w N 2 20.97 1. 50 
w p N 2 54.43 3.88 
Error c 56 14 .03 
TOTAL 119 26.97 
Whey % in true milk protein 
SOURCE DF MS F s 
---------- - - ---- ------ - ------------- SBM UIP 
Treatment 






























54 .4 3 
14.03 












+N 14.47 16.69 
-N 15.59 15.86 









NPN % of total milk nitrogen 
SOURCE DF MS F s 
------------------------------------
Trea tment 




































32.32 1. 73 
18.65 













SBM UIP mean 
18.03 17.19 17.61 





TABLE 15. Analysis of variance for dependent variables in 
experiment 2. 
Crude protein delivered to the duodenum, % 
SOURCE DF MS F s 
---------- --------------- ---- SBM 
Cow 7 1. 86 1. 05 +N 11.06 
Treatment 4 7.05 3.98 ** -N 10.85 c VS F 1 23.47 13.26 ** mean 1 0.96 Among T 3 1. 58 0.89 
Prot 1 4.10 2.32 CTL 12.51 
Niac 1 0.04 0.02 
PxN 1 0.59 0.34 
Error 28 1. 77 
---- -------------------------
TOTAL 39 
Dry matter digestibility , % 
SOURCE DF MS F s 
----------------------------- SBM 
Cow 7 18.40 0.66 +N 64.30 
Treatment 4 65.60 2.34 - N 66.98 
c VS F 1 210.42 7.51 ** mean 65.64 Among T 3 17.36 0.62 
Prot 1 6.73 0.24 CTL 70.91 
Niac 1 44.52 1. 59 
PxN 1 0.83 0.03 
Error 28 28.00 
TOTAL 39 
AD digestibility, % 
SOURCE DF MS F s 
------------- ------- ------ ·-- SBM 
Cow 7 
Treatment 4 
C VS F 1 















































ND digestibility, % 
SOURCE DF MS F s 
- --- - ----------- -- -- ----- --- - SBM UIP mean 
Cow 7 17. 60 0.59 +N 6 8. 35 68 .14 68.2 4 
Treatment 4 20.40 0.68 -N 70.83 70 .14 70.49 
c vs F 1 39.18 1. 31 mean 69.59 69.14 
Among T 3 14.11 0.47 
Prot 1 1. 64 0.05 CTL 71.84 
Niac 1 40.24 1. 35 
PxN 1 0 .45 0.02 
Erro r 28 29 . 90 
------ -------------- -- ------ -
TOTAL 39 
Fatty acid digestibility, % 
SOURCE DF MS F s 
----- - ---- ------ ------ ---- --- SBM UIP mean 
Cow 7 176.8 1.94 +N 55.99 54.28 55.13 
Treatment 4 649.0 7 . 12 
** -N 60.69 56. 85 58.77 
c VS F 1 2419.5 26 .5 3 ** mean 58.34 55.5 6 Among T 3 58.9 0.65 
Prot 1 61.8 0.68 CTL 76.39 
Niac 1 105.8 1.16 
PxN 1 9.1 0.10 
Error 28 91.2 
-----------------------------
TOTAL 39 
CP digestibility , % 
SOURCE DF MS F s 
- ----- ------------------- ---- SBM UIP mean 
Cow 7 9.70 0.49 +N 72 . 37 74.30 73.34 
Treatment 4 12.00 0.60 -N 74.95 74.82 74.88 
c VS F 1 14 . 05 0.70 mean 73.66 74.56 
Among T 3 11.35 0.57 
Prot 1 6.41 0.32 CTL 72.63 
Niac 1 19.16 0 . 96 
PxN 1 8.49 0.42 
Error 28 20 .0 0 
-----------------------------
TOTAL 39 
Niacin in rumen fluid, ug/ml 
SOURCE DF MS F s 
-----------------------------
Cow 7 247 0.95 
Treatment 4 2030 7.85 ** 
c VS F 1 1885 7.29 ** 
Among T 3 2078 8.04 ** 
Prot 1 215 0.83 
Niac 1 5739 22.20 ** 
PxN 1 280 1. 08 
Error A 28 259 
-----------------------------
Hour 4 
Error B 28 
Trt *Hour 16 
H P 4 
H N 4 
H N P 4 
Error C 112 
TOTAL 199 

















Cow 7 0.68 1. 67 







c VS F 1 0.62 1. 52 mean 
Among T 3 0.04 0.09 
Prot 1 0.03 0.06 
Niac 1 0.03 0.07 
PxN 1 0.06 0.15 
Error A 28 0.41 
-----------------------------
Hour 6 
Error B 42 
Trt*Hour 24 
H P 6 
H N 6 
H N P 6 
















SBM UIP mean 
23.41 18.45 20.93 
8.80 9.12 8.96 
16.11 13.79 
7.71 
SBM UIP mean 
6.30 6.28 6.29 
6.26 6.31 6.29 
6. 28 6.30 
6.17 
Rumen fluid ammonia nitrogen (NH3 -N ) , ug/ml 
SOURCE DF MS F s 
-----------------------------
Cow 7 63416 3. 71 ** 
Treatment 4 22598 1. 32 
c VS F 1 35868 2.10 
Among T 3 18174 1. 06 
Prot 1 3336 0.20 
Niac 1 18741 1.10 
PxN 1 32446 1. 90 
Error A 28 17082 
-----------------------------
Hour 6 
Error B 42 
Trt*Hour 24 
H P 6 
H N 6 
H N P 6 




















Duodenal fluid ammonia nitrogen (NH3 -N), ug/ml 
SOURCE DF MS F s 
-----------------------------
Cow 7 8894 0.70 
Treatment 4 14721 1.16 
c vs F 1 10884 0.86 
Among T 3 16000 1.26 
Prot 1 38333 3.03 * 
Niac 1 8108 0.64 
PxN 1 1559 0.12 
Error A 28 12660 
-----------------------------
Hour 6 
Error B 42 
Trt*Hour 24 
H P 6 
H N 6 
H N P 6 

























To tal VFA in rumen fluid, umol /ml 
SOURCE DF MS F s 
---- ----------------- ----- --- SBM UI P mean 
Cow 7 6143 2 . 24 * +N 133.6 12 3 . 6 12 8 .6 
Treatment 4 3682 1. 34 -N 112.5 11 6 . 0 114.3 
c vs F 1 66 0.02 mean 123.1 119.8 
Among T 3 4887 1. 78 
Prot 1 596 0 . 22 CTL 122.7 
Niac 1 11500 4 . 19 * 
PxN 1 2564 0 . 93 
Error A 28 2746 
- --------------------- - ------
Hour 6 13310 25 . 48 ** 
Erro r B 42 522 
-----------------------------
Trt*Hour 24 294 0.74 
H p 6 107 0.27 
H N 6 330 0 .83 
H N p 6 218 0 .55 
Error c 168 398 
-----------------------------
TOTAL 199 
A: P ratio 
SOURCE DF MS F s 
-- - ----------------------- - - - SBM UIP mean 
Cow 7 6.54 2.07 * +N 4 . 21 3 . 71 3 .96 
Treatment 4 5.34 1. 69 -N 3.80 3 .45 3 . 63 
c VS F 1 4.22 1. 33 mean 4.01 3.58 
Among T 3 5.71 1. 81 
Prot 1 10.25 3.24 * CTL 4.10 
Niac 1 6.57 2 . 08 
PxN 1 0.32 0 . 10 
Error A 28 3.16 
- ----------------------------
Hour 6 6.91 84.02 ** 
Error B 42 0.08 
-----------------------------
Trt*Hour 24 0.08 0.93 
H p 6 0.10 1. 06 
H N 6 0.12 1.28 
H N p 6 0.02 0 . 18 
Error c 168 0.09 
-----------------------------
TOTAL 199 
Acetate, umol / ml 
SOURCE DF MS F s 
- ------------------- -- -------
Cow 7 195.71 5. 62 ** 
Treatment 4 49.34 1.42 
c vs F 1 35.48 1.02 
Among T 3 53.95 1. 55 
Prot 1 73.70 2 .12 
Niac 1 78.06 2.24 
PxN 1 10.10 0 . 29 
Error A 28 34.80 
Hour 
Error B 
6 67.06 48 .66 ** 
42 1.38 
Trt*Hour 24 2.15 1.44 
H p 6 1.14 0.76 
H N 6 3.14 2.10 
H N p 6 0.87 0.58 
Error C 168 1. 50 
TOTAL 199 
Propionate , umol/ml 
SOURCE DF MS F s 
-----------------------------
Cow 7 111.02 2.11 * 
Treatment 4 93 .10 1. 77 
c VS F 1 88.54 1. 69 
Among T 3 94.62 1. 80 
Prot 1 185.51 3.53 * 
Niac 1 97.69 1. 86 
PxN 1 0.66 0.01 
Error A 28 52.50 
-----------------------------
Hour 6 77.63 66.58 ** 
Error B 42 1.17 
Trt*Hour 24 0.65 0.73 
H p 6 0.34 0.38 
H N 6 1.16 1.29 
H N p 6 0.35 0.39 











SBM UIP mean 
66.21 64.64 65.43 
64.61 63 . 88 64.25 
65.41 64.26 
65 . 73 
SBM UIP mean 
16.39 18.10 17.25 
17.60 19 . 53 18.57 
17.00 18 .82 
16.50 
I sobutyrate, umol / ml 
SOURCE DF MS F s 
- ------------------- ----- ---- SBM 
Cow 7 0.39 1.20 +N 1. 06 
Treatment 4 0. 37 1.14 -N 1.19 
c VS F 1 0.00 0.00 mean 1.13 
Among T 3 0.49 1. 52 
Prot 1 0.02 0.06 CTL 1.11 
Niac 1 0.05 0 .15 
PxN 1 1. 41 4.36 ** 
Error A 28 0.32 
------------------- ---- ------
Hour 6 0 .99 39.20 ** 
Error B 42 0.03 
Trt *Hour 24 0.02 0.94 
H p 6 0.02 1. 01 
H N 6 0.0 1 0 . 35 
H N p 6 0.04 2.19 * 
Error C 168 0.02 
TOTAL 199 
Butyrate, umol,ml 
SOURCE DF MS F s 
----------- - ------------ -- --- SBM 
Cow 7 15.28 0 .9 2 +N 13.12 
Treatment 4 14.11 0.85 - N 13.07 


























13.29 0 . 80 















1. 01 1.10 
1.11 
UIP mean 
12 .58 12 .85 
12.08 12 . 58 
12.33 
Isovalerate, umol/ml 
SOURCE DF MS F s 
-----------------------------
Cow 7 3.31 3. 04 ** 
Treatment 4 0 .5 7 0.52 
c VS F 1 0.03 0.03 
Among T 3 0.74 0.68 
Prot 1 0.26 0.24 
Niac 1 0.02 0 . 02 
PxN 1 1. 96 1. 79 
Error A 28 1. 09 
------ -------- - --- -- -- -------
Hour 6 2 . 01 36.25 ** 
Er ror B 42 0.06 
------------------- -- --------
Trt*Hour 24 0.03 0.9 5 
H p 6 0.03 0. 74 
H N 6 0. 01 0.2 1 
H N p 6 0.06 1. 74 




SOURCE DF MS F s 
------ ---- --------- -- --------
Cow 
Treatment 



















H P 6 
H N 6 
H N P 6 
Error C 168 
TOTAL 199 
4.54 4.1 0 ** 
1.17 1. 05 
0.94 0.85 
1.24 1.12 
1. 81 1. 64 
1. 85 1. 67 
0.06 0 . 06 
1.11 




















SBM UIP mean 
1. 63 1 .75 1. 69 
1. 80 1. 55 1. 68 
1. 72 1. 65 
1.71 
SBM UI P mean 
1. 58 1. 72 1. 65 
1. 73 1. 94 1. 84 
1. 66 1. 83 
1. 30 
106 
To tal bacteria, log/ml 
SOURCE DF MS F s 
-- - -- -- - - - ---- -------------- - SBM UIP mean 
Cow 7 0.0 1 1. 45 +N 10.84 10.98 10.91 
Treatment 4 0.06 10.39 ** ·N 10.89 11.10 11.00 
c VS F 1 0.06 10.12 ** mean 10.87 11.04 
Among T 3 0.06 10.48 ** 
Prot 1 0.15 26 . 73 ** CTL 10.82 
Niac 1 0 . 02 3. 72 * 
PxN 1 0.01 1. 00 
Error 12 0.0 1 
-----------------------------
TOTAL 23 
Cellulolytic bacteria, log/ ml 
SOURCE DF MS F s 
----- ------------------------ SBM UIP mean 
Cow 7 2 . 57 1. 31 +N 6.80 7.31 7.06 
Treatment 4 4.91 2.52 * ·N 7.20 6 .84 7.02 
c vs F 1 17.72 9.08 ** mean 7.00 7.08 
Among T 3 0 . 64 0.33 
Prot 1 0.09 0 . 05 CTL 8.73 
Niac 1 0.04 0.02 
PxN 1 1. 78 0.91 
Error 28 1. 95 
------- --------- -------------
TOTAL 39 
Protozoa , log/ml 
SOURCE DF MS F s 
----------------------------- SBM UIP mean 
Cow 7 0.11 1.10 +N 5.39 5.46 5 .42 
Treatment 4 0.03 0.25 ·N 5.54 5.47 5.51 
c VS F 1 0.01 0.08 mean 5.47 5.47 
Among T 3 0.03 0.31 
Prot 1 0.00 0.00 CTL 5.50 
Niac 1 0.05 0.52 
PxN 1 0.04 0.40 




Liquid dilution rate, sl ope comparison 
SOURCE DF MS s 
- ----------- - ---------------- SBM UIP mean 
Cow 7 2E- 04 1.78 +N 0.070 0.069 0 . 070 
Treatment 4 5E-05 0.50 -N 0. 066 0.075 0.0 70 
c VS F 1 1E-04 1.18 mean 0.068 0.072 
Among T 3 3E-05 0.28 
Prot 1 2E-05 0.23 CTL 0 .066 
Niac 1 3E-05 0.2 5 
PxN 1 4E- 05 0 .35 
Error 28 1E-04 
TOTAL 39 
Dry matter rate of passage, sl ope comparison 
SOURCE DF MS s 
--------------- -- - ------ -- - -- SBM UIP mean 
Cow 7 1E -04 l. 22 +N 0.015 0.024 0.019 
Treatment 4 1E -04 0.98 - N 0. 020 0.020 0.020 
c VS F 1 2E-05 0.19 mean 0.017 0.022 
Among T 3 1E-04 1.24 
Prot 1 2E- 04 2 . 05 CTL 0.018 
Niac 1 3E-06 0.03 
PxN 1 2E-04 l. 65 
Error 28 1E-04 
--------------- ------ --------
TOTAL 39 
